We have performed this study to evaluate the association between H19 rs217727 polymorphism and the risk of cancer. Methods: An odds ratio (OR) with a 95% confidence interval (CI) was applied to determine a potential association.
Background
Cancer has become a major public health problem and gives the second leading cause of death after cardiovascular and cerebrovascular disease. Therefore, identification of modifiable risk factors to slow cancer progression is crucial. Environmental factors, smoking [1] , alcohol consumption [2] , human papillomavirus (HPV) [3] , and the Epstein-Barr virus (EBV) [4] was known to play a key role in the pathogenesis and tumorigenesis. In addition, single nucleotide polymorphisms (SNPs) were recognized to be associated with cancer development too. For example, CpG rs1190983, rs155247, and rs62382272 play an important role in oncogenesis in breast cancer [5] , and the rs874945 in HOX transcript antisense RNA (HOTAIR) gene increases the risk of bladder cancer in Chinese population [6] .
H19 (Gene ID: 283120) is an imprinted gene, located on chromosome 11p15.5, close to the insulin-like growth factor 2 (IGF2) gene, which has 6 exons and can produce long non-coding RNA (lncRNA) with a length of 2326 bp. H19 is mainly involved in the development of the embryo, showing high expression in the fetus, rapidly down-regulated after birth, and only continuously expressed in the heart and skeletal muscle in adults. However, H19 was found to be highly expressed in a variety of cancers. Previous studies have demonstrated that increased levels of H19 contributes to melanoma development and progression [7] . In addition, the introduction of the genome-wide association studies (GWAS) allowed for identification of an increased number of H19 SNPs that were associated with various types of cancer. For instance, H19 rs217727 has been reported to significantly increase the risk of gastric cancer [8] , and colorectal cancer [9] . In addition, a large number of studies have found that H19 lncRNA tag SNPs (rs217727, rs2839698, rs3741216, rs3741219, rs2107425, rs3024270, rs2735971, rs2071095) are related to the susceptibility of cervical cancer [10] , breast cancer [11] [12] [13] [14] [15] , bladder cancer [16] [17] [18] , gastric cancer [8] , lung cancer [19, 20] , osteosarcoma [21] , pancreatic cancer [22] , and oral squamous cell carcinoma [23, 24] . Among them, rs217727 is located in the exon 5 of the H19 gene. Some original studies and previous meta-analyses reported the relationship between H19 rs217727 and cancer risk, but the results were inconsistent. In addition, several recently published studies provide the basis for updating data sets and more accurately evaluating the relationship between H19 rs 217,727 and cancer risk. Thus, we performed meta-analysis to explore the association between H19 polymorphisms and the risk of cancer.
Methods
For this meta-analysis study, patient consent and ethical approval was not required. We performed this metaanalysis as per the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [25] . Two independent investigators participated in study selection and data extraction, and any disagreement was solved by discussion and reinterpretation of the data involved.
Selection and exclusion criteria
The eligibility criteria were as follows: (1) case-control studies, in which the relation between H19 rs217727 polymorphism and the risk of cancer was evaluated; (2) 2 or more studies focused on H19 rs217727 polymorphism; (3) the genotype frequency was reported; (4) published as a full-text manuscript in the English language. We excluded meta-analysis, reviews, as well as the articles lack of healthy controls, or polymorphism type not detected.
Literature and research strategy
We searched the databases Embase, PubMed, and Web of Science up to January 06, 2019 using the keywords "H19 OR long noncoding RNA H19" AND "cancer OR tumor OR neoplasm" AND "mutation OR variant OR polymorphism". Studies related to the association of H19 rs217727 polymorphism and cancer risk were obtained. In addition, references and meta-analyses of the studies included were searched manually. The search strategy in PubMed are shown in Additional file 1.
Data extraction and synthesis
Data was extracted and listed on the predesigned data extraction sheet included first author, publication year, country, ethnicity (Asian or Caucasian), source of control, type of cancer, type of polymorphism, number and genotyping distribution of cases and controls, genotyping method, smoking status and P-value of Hardy-Weinberg Equilibrium (HWE) in controls [26] . Authors involved were contacted and asked for data usage, when necessary.
Quality assessment
The quality of the included studies was evaluated by two independent investigators according to the Newcastle Ottawa Scale (NOS) [27] . The points were awarded on selection (case definition adequate, representativeness of the cases, selection of controls, definitions of controls), comparability (comparability of cases and controls on the basis of the design or analysis) and exposure (ascertainment of exposure, uniform method of ascertainment, nonresponse rate) and the total score ranged from 0 to 9. Study with a score of more than 5 was included in the meta-analysis.
Data analysis
We used the OR and 95% CI to present the strength of the association using an allelic model ( . Meta-analysis was conducted if 2 or more studies were performed for the same type of polymorphism. Initially, heterogeneity was evaluated by the Chi square-based Q-test, and I 2 statistics. A value of P ≥ 0.1 and I 2 ≤ 50% indicated that heterogeneity was absent, and the fixed-effect model was used. In other occasions, the random-effect model was used. Moreover, subgroup analyses were conducted based on ethnicity, type of cancer, source of controls, sample size, genotyping approach and smoking status. Evaluation of any publication bias was performed by Begg's and Egger's tests, when P < 0.1, publication bias was considered to exist. Sensitive analysis was performed by elimination of each study to observe the effect of a single study on the pooled OR. Statistical analysis was performed using Stata software version 12.0 (Stata Corporation, College Station, TX, USA).
Results

Study identification
In this meta-analysis, a total of 17 case-control publications [8-14, 16-19, 21-24] , including 9166 cancer patients and 10,823 healthy controls were selected. A summary of data retrieval and selection is summarized in Fig. 1 .
Characteristics and quality of the study
In these 17 studies, 8 types of cancer were studied, including gastric cancer, breast cancer, lung cancer, bladder cancer, osteosarcoma, cervical cancer, oral squamous cancer, and digestive system tumors. Eight of the studies focused on general population and 9 on hospital data. All studies were performed in Asians, except one in Caucasians. The summary characteristics are described in Table 1 . In addition, the relationship between smoking status and genetic polymorphism has been reported in only 4 studies [8, 17, 23, 24] , and the summary characteristics are described in Table 2 .
Quality assessment
According to the NOS, detailed quality assessment for each study included are presented in Table 3 , the score of each included study is more than 7 points, higher scores were associated with lower risks of bias. The percentage of quality assessment is presented in Fig. 2 .
Statistical analysis
As shown in Table 4 , H19 rs217727 was found to increase cancer risk in overall analysis under T vs C (OR = 1.16, 95% CI = 1.06-1.27, I 2 = 75.7), TT vs CC (OR = 1.29, 95% CI = 1.06-1.56, I 2 = 71.6), CT vs CC (OR = 1.15, 95% CI = 1.01-1.31, I 2 = 75.4), CT + TT vs CC (OR = 1.20, 95% CI = 1.05-1.36, I 2 = 76.5), TT vs CT + CC (OR = 1.22, 95% CI = 1.02-1.45, I 2 = 70.6). When stratifying data by ethnicity, genotyping approach and type of cancer, the allelic, homozygote, heterozygote, dominant and recessive models of rs217727 were observed to increase cancer risk based on Asians (T vs C: OR = 1.18, 95% CI = 1.08-1.29, I 2 = 75.3, TT vs CC: OR = 1.32, 95% CI = 1.09-1.59, I 2 = 72.1, CT vs CC: OR = 1.18, 95% CI = 1.03-1.34, I 2 = 75.9, CT + TT vs CC: OR = 1.23, 95% CI = 1.08-1.39, I 2 = 76.4, TT vs CT + CC: OR = 1.24, 95% CI = 1.04-1.47, I 2 = 71.4), subgroups for genotyping based on MassArray (T vs C: OR = 1.36, 95% CI = 1.16-1.60, I 2 = 13.8, TT vs CC: OR = 1.96, 95% CI = 1.39-2.75, I 2 = 0, CT vs CC: OR = 1.29, 95% CI = 1.05-1.57, I 2 = 0.4, CT + TT vs CC: OR = 1.39, 95% CI = 1.14-1.71, I 2 = 10.9, TT vs CT + CC: OR = 1.75, 95% CI = 1.26-2.42, I 2 = 0) and oral squamous cell carcinoma (T vs C: OR = 1.26, 95% CI = 1.11-1.42, I 2 = 0, TT vs CC: OR = 1.63, 95% CI = 1.25-2.12, I 2 = 0, CT vs CC: OR = 1.25, 95% CI = 1.04-1.50, I 2 = 0, CT + TT vs CC: OR = 1.32, 95% CI = 1.11-1.57, I 2 = 0, TT vs CT + CC: OR = 1.42, 95% CI = 1.07-1.88, I 2 = 28.1). H19 rs217727 significantly increased the risk of lung cancer in the allelic, homozygote models (T vs C: OR = 1.17, 95% CI = 1.03-1.33, I 2 = 0, TT vs CC: OR = 1.44, 95% CI = 1.07-1.94, I 2 = 19.4), as well as breast cancer in the allelic model (T vs C: OR = 1.29, 95% CI = 1.02-1.62, I 2 = 86.8). We also conducted subgroup analysis by source of controls and sample size, the pooled results showed that the allelic, homozygote, heterozygote and dominant model of rs217727 have a positive association with cancer risk in hospital-based controls, as shown in Table 5 , when stratifying data by smoking status, all the genetic models of rs217727 have a positive association with cancer risk in smokers, as well as in nonsmokers except in recessive model.
Heterogeneity analysis
In this meta-analysis, heterogeneity was observed, we next performed the stratified analysis to evaluate the source of the heterogeneity. The heterogeneity decreased significantly or disappeared in genotyping approach of MassArray ( other subgroups. In Table 4 , an overview of all analyses is presented.
Sensitivity analysis and publication bias
Sensitivity analysis was performed by omitting each and every included studies. As shown in Fig. 4 , the results indicated that the pooled ORs were not subjective to change, which indicated the stability of our study. To assess the publication bias for the studies, both the Egger's test and Begg's funnel plot were performed. Publication bias was found in allelic model (P = 0.04), heterozygote model (P = 0.05), dominant model (P = 0.03). Trim and fill method was used to identify and correct the publication bias. Before and after the trim, ORs does not change, which indicates that despite the publication bias in this study, the publication bias has little impact, and the research results are robust and reliable. The trim and fill method's funnel plot is shown in Fig. 5 .
Discussion
In recent years, many studies have focused on the relationship between genotype and phenotype, and the personalized prevention and treatment of cancer based on genetic information is the current research trend and hotspot [28] . SNP is the most common type of gene polymorphism, which may affect gene expression and function through indirect influence of related transcription factors or micro-RNAs, and further participate in the occurrence and development of tumors. LncRNA H19 has been widely recognized for its aberrant expression profile and role in carcinogenesis, and it is suggested to be a novel biomarker for the diagnosis of cancer [29, 30] . In addition, numerous studies have focused on the relation between H19 SNPs and cancer susceptibility. A study conducted by Yang et al.
revealed that the TT + CT genotype of rs2839698 could increase the risk of hepatocellular cancer [31] . In terms of H19 rs217727, it was found to increase the risk of breast cancer [12, 13, 15] . Further functional experiments found that the expression level of H19 in breast cancer tissues was higher than that in normal tissues, and rs217727 CT or TT genotype was helpful to improve the expression level of H19 (P<0.001, 12]. However, no significant correlation was found in the study conducted by Xia et al. [11] . Furthermore, a study [17] included 1049 cancer cases and 1399 controls, showed that the AA genotype increased the risk of bladder cancer up to 1.31 times compared with the GG/GA genotype. Similarly, a positive relation was also found in gastric cancer [8] and cervical cancer [10] . However, in another study it was demonstrated that rs217727 did not associate with risk of colorectal cancer in additive model [9] . The results were inconsistent and inconclusive, and might be due to the limited sample size, the difference in genetic background, or the type of cancer. Therefore, in this study, we performed meta-analysis to comprehensively evaluate the association between H19 SNPs and susceptibility to cancer. In the current meta-analysis, which included 17 casecontrol studies, people with the T, TT, CT and CT + TT genotypes of SNP rs217727 got a higher risk of cancer. Similarly, subgroup analysis based on ethnicity, type of cancer and genotyping method showed an increased risk for all genetic models in Asian, oral squamous cell carcinoma and genotyping approach according to MassArray. In addition, the risk of lung cancer increased in the allelic, homozygote models, and for breast cancer, the risk increased in the allelic model. The significant association was also found in allelic, homozygote, heterozygote and dominant models in the subgroup of hospital-based controls, as well as in allelic, homozygote, dominant and recessive models in the subgroup with a sample size of more than 500. Overall, the study revealed that H19 rs217727 might increase the risk of cancer. Interestingly, we also found that smoking was not significantly associated with the development of cancer in H19 rs217727.
Our results differ from those previously published [32] [33] [34] [35] . Lv et al. [32] and Li et al. [35] included 5 studies and concluded that the rs217727 C > T might not be associated with the risk of cancer. Chu et al [33] used differently 3 genetic models, and the pooled results showed that the heterozygote and dominant model of rs217727 appeared to be a protective factor to cancer in hospital-based controls, as well as in the subgroup of population-based controls. Lu's study, which included 4 literatures, subgroup analyses only stratified by genotyping approach and failed to reveal the relationship between rs217727 C > T and cancer risk [34] . The increased sample size and newly incorporated studies in our study may explain this difference. For the relation observed in subgroup meta-analysis, but not in overall meta-analysis, there are several possibilities to explain this difference, such as differences in genetic background, and the complex process of cancer formation. Interestingly, we also found that H19 rs217727 was associated with a neoplastic predisposition, and had little to do with smoking.
Our meta-analysis has several limitations, which should be addressed. First, despite the comprehensive analysis that has been performed to determine a possible relation, potential covariates (age, sex, drinking status, and smoking status) cannot be extracted from all included cases. Thus, the pooled results were based on unadjusted data. Second, the sample size of this study is still limited, which may reduce the power of analysis. Therefore, the data should be validated in a larger study. Third, only English databases were used in our search, which may affect our results. If literatures of other languages were included in this study, it would be possible that additional estimations could have been conducted. Finally, after subgroup analyses, heterogeneity could still be observed in a variety of SNPs, therefore, our conclusions should be treated with caution.
Conclusions
LncRNA H19 rs217727 could increase cancer risk in overall population, as well as in Asians, subgroups for genotyping based on MassArray, oral squamous cell carcinoma, lung cancer, breast cancer, hospital-based controls and subgroups with a case sample size ≥500. Because of the limitations in our study, well-designed studies with a larger sample size, and adjusted risk factors are required to further confirm the conclusions. papillomavirus; HWE: Hardy-Weinberg Equilibrium; IGF2: Insulin-like growth factor 2; LncRNA: Long non-coding RNA; NOS: Newcastle Ottawa Scale; OR: Odds ratio; PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; SNP: Single nucleotide polymorphism
